ABSTRACT
INTRODUCTION
The memristor, world known as fourth fundamental circuit element that acquires property of pinched hysteresis loop in I-V plane and monotonically increasing nonlinear charge and flux characteristics [1, 2] . It also possesses the frequency dependent memristance property at low frequency of operation [3] . The memristor was firstly predicted by circuit theorist Prof. Leon Chua in 1971, on the symmetric principle [1] and physically realized by HP (Hewlett-Packard) researchers under the direction of R. Stanley Williams during the year 2008 [2] . In the history few principle are also predicted using symmetry principles, e.g. the displacement current in Maxwell's equations, a positron and a magnetic monopole. The first two have been experimentally observed, while the third one remains mysterious [4] . The physical structure of memristor with its equivalent circuit model is shown in Fig. 1 [2] . The fig. 2 shows relationship between four fundamental circuit elements and also completes the missing link between charge and flux linkage. Memristor is same as that of analog variable resistor in which resistance is depends upon direction of current flow. It has of doped low resistance and undoped high resistance regions. [2] Figure 2: Relationship between Four Fundamental Circuit Elements: Resistor, Capacitor, Inductor and Memristor. A resistor is defined by the relationship between voltage (v) and current (i), the capacitor is defined by the relationship between charge (q) and voltage (v) and the inductor is defined by the relationship between flux (φ) and current (i). Prof. Leon Chua predicted that there should be a fourth fundamental circuit element to set up the relation between charge (q) and magnetic flux (φ) without an internal power supply.
The main property of memristor is its pinched hysteresis loop in I-V plane. This pinched hysteresis loop is due to the coupled equations of motion of current-controlled memristor. These coupled equations are given by equation no. 1 and 2, [1, 2] . The memristor and memristive system are related as a time dependent voltage and current and it is not mandatory to relate to magnetic fields.
Where, M denotes the memristance and w represent the width of doped region.
The unique characteristics linear and non linear resistor with memory of memristor gives several electronic models such as, the linear ion drift model, the nonlinear ion drift model, Simmons tunnel barrier model, and the ThrEshold Adaptive Memristor (TEAM) model [1, 2, [5] [6] . However, the memristor devices are not commercially available, good physical model-tohardware correlations have not been yet been reported in the published literature [7, 8] . The memristive class consist of the memristive (MrS), memcapacitative (McS) and meminductive (MiS) subsystem [7, 8] . These elements are considering as one port element whose property is depends upon the time derivative of charge and flux linkage [4, 8] 
SKIN HYDRATION MEASUREMENT USING MEMRISTOR
As far as the biomedical field is concerned, there are a many observed hysteretic or nonlinear i-v characteristics are found in the field of bioimpedance and its allied fields [3, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . The scientist Liang Li and Edward Cox at Princeton University reported that cells have a rudimentary memory, which is similar to memristor [13] . As reported [3] , our skin behaves as a memristor due to the dominance of the sweat ducts on the skin conductance at sufficiently low frequencies. When negative low frequency signal is applied to the human skin, the liquid level is rises in sweat ducts due to electro-osmosis process and at the positive cycle, the liquid level is fall in sweat ducts [3] . So, it is sign of memristor behaviour in the human skin [3, 4] . The well known equivalent electrical model of the human skin addition to memristor given by G. K. Here the resistor is replaced by memristor, the model represent the equivalent DC current model. The current is nonlinear with the applied voltage in the memristor, resulting in hysteresis loops rather than straight lines. Theoretically, at high frequency the hysteresis loop vanishes and become a straight line. In human skin, the memristance property will be vanished at high frequency [3] .
The commercial device level memristor is not realized and reported in the literature until now, but as logical point of view, the memristor is a next workflow in many sectors including biomedical instrumentation and its allied fields. In 2011, the S.P. Kosta and its research team reported the Human blood liquid memristor [17] . In their study they observe that, the human blood also possess the same characteristics as like memristor. In the vein of blood, skin also possesses hysteresis like characteristics at very low frequency and it is vanish at high frequency [3, 4, 19] . The existing hydration methods and criteria such as thirst, blood pressure, urine output, specific gravity, MRI, dilution etc. methods have limited accuracy [20] . If we are able to measure I-V characteristics including memristive nature of human skin, then precise measurement of skin hydration will be performed and it is go beyond the traditional RLC framework of biomedical fields.
The standard electrical methods for evaluating changes in skin hydration based on impedance, conductance and capacitance measurements are reported many of the literature [19] [20] [21] . But as a point of view of memristor based skin hydration measurement, the capacitive method will be best suited for such proposed application. If we closely look at the fig 2, then there is close relation between capacitor and memristor which form a memristive system. As reported many of the literature, the capacitance based measurement method consider the dielectric in the form of sweat liquids. So ultimately sweat ducts play an important role in measuring the skin hydration. The fig. 6 also shows the relation of memristor and skin. As the duct becomes more filled with sweat liquid, the capacitance will increases and if sweat duct filled with less sweat liquid then capacitance will decrease. This is due to simple well known capacitance formula. If we are able to calculate this minor change in capacitance at very low frequency then there is possibility of measurement of skin hydration using memristor and in general memristive system with infinite precision. The proposed model for measurement of skin hydration is shown in fig. 7 . The low frequency current are used for the measurement of skin hydration level with respect to memristor along with the traditional skin hydration framework. As the skin become more filled with sweat ducts due to low frequency current the capacitance will increases. If the skin becomes less filled with sweat ducts due to low frequency current the capacitance will decreases. The changes in capacitance are detected by capacitance meter. The capacitance is the sign of water filled in the skin i.e. skin hydration. Combination of conventional skin hydration measurement and memristive effect, we are able to measure précised skin hydration measurement. 
CONCLUSIONS
The inclusive memristive properties of human skin make a new roadmap in the biomedical fields. The hidden memristive properties in many aspects of natural things are revels now, so ultimate precision in biomedical instrumentation are being emerged in coming future. The memristor based skin hydration is one of the areas which support precision due to memristor and traditional biomedical framework. There are many sectors regarding memristive system, where we have to look forward in coming days. The well known capacitance measurement technique is less precise, because it does not involving memristive effect in the human skin. If we are able to measure the skin hydration along with general skin hydration capacitive method then there is possibility of precise skin hydration measurement.
